Aim of Study: Ventilator-associated pneumonia (VAP) is a common cause of mortality in trauma patients admitted to Intensive Care Units. The outcome of such patients may be dependent on local host immune response, which may be best reflected in studies using bronchoalveolar lavage (BAL) fluid. The present study was conducted to ascertain the cytokine profile of BAL using the cytometric bead array (CBA) in a flow cytometer and to correlate the levels of Th-1/Th-2 cytokines in BAL with the clinical outcome of ventilated trauma patients. Patients and Methods: BAL was collected from the patients with suspected VAP. CBA was performed to assess the levels of interleukin-4 (IL-4), IL-6, IL-8, IL-1 β, interferon gamma (IFN-γ), and tumor necrosis factor-alpha in the BAL samples. After acquiring the BAL samples on the flow cytometer, the results were generated using FCAP Array™ software. The cytokine profile was correlated to clinical outcomes. Results: A total of forty patients were enrolled during the study period. Of these, 12 patients (30%) had confirmed VAP and 8 (20%) patients had a fatal outcome. The levels of IL-8 and IFN-γ correlated significantly with the development of VAP and elevated IL-6 in BAL was associated with a poor outcome. Conclusion: A proinflammatory response in the form of elevated IL-6 and IL-8 correlated poorly with the clinical outcome. Th-1 response was significantly reduced in patients with VAP. A proinflammatory response in the form of elevated IL-6 and IL-8 correlated poorly with the clinical outcome.
Introduction
Ventilator-associated pneumonia (VAP) is the specific type of hospital-acquired pneumonia that occurs after the first 48 h of initiating mechanical ventilation.
[1,2] The Institute of Healthcare Improvement has recognized VAP as one of the most important preventable causes of morbidity and mortality in critically ill patients. [3, 4] The direct cost due to excess stay in patients suffering from VAP has been estimated to be approximately $40,000/ per patient. [5, 6] The immense cost and adverse outcomes of VAP is a growing medical challenge.
Bronchoalveolar lavage (BAL) has become a standard diagnostic procedure for cytological, microbiological, or immunological analysis for the majority of patients with pulmonary disease. The technique is safe, minimally invasive, reveals specific information, providing useful insight into the underlying pathophysiology of lung diseases. If a BAL finding is compatible with the clinico-radiological diagnosis, this can be sufficient for disease confirmation. [7, 8] Trauma usually afflicts middle-aged males, without underlying risk factors for the development of pneumonia. Ventilated trauma patients have a high risk of development of VAP. [9] The outcome of such patients is highly variable, raising the possibility that the host immunological response may also be governing the patient's outcome. The paradigm of pulmonary inflammatory response in ventilated trauma patients is largely unknown. In the face of increasing antimicrobial resistance, immune modulation may have to be looked into as a treatment avenue for VAP. Thus, we conducted the present study to ascertain the cytokine profile of BAL using the cytometric bead array (CBA) in a flow cytometer. The CBA is a multiplexing platform, which provides a method of capturing a soluble analyte or set of analytes with beads of known size and fluorescence, making it possible to detect analytes using a flow cytometry. The objective of this study was to correlate the levels of Th-1/Th-2 cytokines in BAL with the clinical outcome of ventilated trauma patients.
Patients and Methods
A total of forty patients of either gender, aged between 19 and 65 years, admitted to the surgical Intensive Care Unit (ICU) of our hospital setting with severe injuries were included in the study. The further inclusion criteria were primary admission to our hospital, within 24 h of trauma and survival for more than 48 h in the ICU. In all cases, BAL was performed for a diagnostic purpose, when the treating physicians had a clinical suspicion of VAP. The collection of BAL was done as per the standard recommendations. The diagnosis of VAP was done based on the CDCs NHSN definition. [10] Processing of bronchoalveolar lavage samples
The samples were processed for microbiological culture and susceptibility testing as per the standard methods. [11, 12] For the CBA study, the BAL specimens were transferred from the collection vial to a 5 ml tube (Becton Dickinson, Franklin Lakes, NJ, USA). During this transfer process, the BAL samples were filtered through a two-layer sterile gauze into sterile plastic vials (Falcon, Oxnard, CA, USA) to reduce the amount of mucus and large, noncellular debris that might be present. An aliquot of the same was stored at −80°C immediately for further processing by CBA.
Cytometric bead array
CBA was performed to assess the levels of interleukin-4 (IL-4), IL-6, IL-8, IL-1 β, interferon gamma (IFN-γ), and tumor necrosis factor-alpha (TNF-α) in the BAL samples. Each capture bead CBA Human Soluble Protein Flex Set System (BD Biosciences, Sans Jose, CA, USA) had a distinct fluorescence and was coated with a capture antibody specific for each soluble protein. The detection reagent was a mixture of phycoerythrin (PE)-conjugated antibodies, which provided a fluorescent signal in proportion to the amount of bound analytes, i.e., the cytokines present in the BAL fluid. When the capture beads and detection bead were incubated with the standards or the unknown samples containing recognized analytes, sandwich complexes (capture bead + analyte + detection reagent) were formed. These complexes were then measured using flow cytometry to identify particles with fluorescence characteristics of both the bead and the detector.
The bead population was resolved in two fluorescence channels of a flow cytometer. Each bead population was given an alphanumeric position designation indicating its position relative to other beads in the CBA Human Soluble Protein Flex Set System. Beads with different positions were combined in the assay to create a six-plex assay. The bead positions of the cytokines assessed in this study-IL-4, IL-6, IL-8, IL-1 β, IFN-γ, and TNF-α were A5, A7, A9, B4, B8, and D9, respectively. The intensity of PE fluorescence of each sandwich complex revealed the concentration of each particular cytokine [ Figure 1 ].
Flow cytometer setup
BD FACS Aria™ III flow cytometer equipped with FACS Diva™ software, version 6.1 (BD Biosciences, San Jose, CA, USA) [ Table 1 ] was used for data acquisition and FCAP Array™ software (v3.0.1), Soft Flow Hungary, Ltd., Pecs, Hungary for data analysis. To verify cytometer performance, establish the appropriate compensation adjustments and instrument settings, FACS Diva™ software, version 6.1 (BD Biosciences, San Jose, CA, USA) was run in lyse/no-wash mode using CaliBRITE beads (BD Biosciences, San Jose, CA, USA). The BD™ CBA Flex set the template for flow cytometer was designed as per the procedure recommended for BD FACS Aria™ III flow cytometer using the BD CBA Human Soluble Protein Master Buffer Kit (BD Biosciences, Sans Jose, CA, USA) (Catalog #558264). PE was used as the reporter channel while APC and APC-Cy™ 7 were used as the bead channels. Table 1 shows the flow cytometer setup.
Human Soluble Protein Flex Set Assay
The lyophilized human flex set standards were reconstituted in assay diluent provided in the BD CBA Human Soluble Protein Master Buffer Kit and serially diluted to obtain the following concentrations: Top standard (2500 pg/mL), 1:2 (1250 pg/mL), 1:4 (625 pg/mL), 1:8 (312.5 pg/mL), 1:16 (156 pg/mL), 1:32 (80 pg/mL), 1:64 (40 pg/mL), 1:128 (20 pg/mL), 1:256 (10 pg/mL), 1:512 (5 pg/mL), and 1:1024 (2.5 pg/mL). In addition to this, a negative control was also prepared having 0 pg/mL of protein. Then, the Human Soluble Protein Flex Capture Beads were mixed according to the manufacturers' instructions. The BAL samples were diluted with the assay diluent to a concentration of 1:4 (which was standardized based on a previous set of experiments).
Acquisition strategy
An acquisition dot plot of forward scatter versus side scatter was displayed on a log scale. An anchor gate was drawn to create a region that included a singlet population of beads. An additional acquisition dot plot of APC-Cy7 versus APC was created to further characterize each of the six beads clusters (IL-4, IL-6, IL-8, IL-1 β, IFN-γ, and TNF-α) at their specific designated bead positions.
All the 12 standard tubes were run, followed by the BAL samples. After acquiring the BAL samples on the flow cytometer, the results were generated in graphical and tabular formats using FCAP Array™ software.
Clinical follow-up
All patients were clinically followed up daily based on the receipt of the first BAL sample. The development of VAP and the clinical course was evaluated by the critical care specialists in-charge of the patients as per the standard protocols. [10] 
Statistical analysis
Group comparison of data was done by KruskalWallis test and Pearson Chi-squared test, respectively. A pair-wise comparison was done with Mann-Whitney U-test if a significant difference was found with KruskalWallis test. A P < 0.05 was considered as significant. The study was approved by the Institute's Ethical Committee.
Results and Discussion
A total of forty patients (35 males; 5 females) admitted to the trauma surgical ICU, who were on the ventilator, were enrolled in the study. The age of these patients ranged from 19 to 65 years (median age 40.8 years). The length of their stay varied from 7 to 90 days (average 36.3 days). The duration of ventilation ranged from 5 to 90 days (average 18.7 days). The primary site of injury was the chest in 12 (30%), abdomen in 8 (20%), pelvis, femur and spine in 4 each (10% each), and head in 1 patient. Seven patients were admitted with polytrauma.
A total of 12 patients (30%) had confirmed VAP. The duration of ventilator days in these patients ranged from 8 to 75 days (average 26 days). In 9 of these 12 patients (75%), a single microorganism was isolated from BAL culture in significant counts (Acinetobacter baumannii in six, Klebsiella pneumoniae in two, and P. aeruginosa in one). Three patients had two organisms isolated from BAL culture (one patient each with A. baumannii + P. aeruginosa; Burkholderia cepaciae + Serratia marcescens; A. baumannii + K. pneumoniae). The blood samples from 5 of the 12 patients confirmed to have VAP grew the same organism (identification and susceptibility profile similar) as the BAL samples. Thus, three patients had A. baumannii, one had P. aeruginosa, and one had A. baumannii + P. aeruginosa in both blood and BAL samples.
Of the forty patients, eight (20%) patients had a fatal outcome. The cause of death was septicemia in five patients. One each of the remaining three fatal cases had disseminated intravascular coagulation, shock, and acute renal failure as the causes of death.
The cytokine profile of BAL in the various categories of ventilated trauma patients is shown in Table 2 .
When the difference in cytokine levels was compared between the culture positive sample which further survived or had a fatal outcome due to septicemia, multiple-organ dysfunction syndrome, VAP, and acute respiratory distress syndrome (ARDS), it was found that only IL-6 was significantly raised in patients who had a fatal outcome. The difference in other cytokines was not significant. Similarly, when the difference was compared with respect to patients who had VAP as compared to patients without VAP, the levels of IL-8 were significantly elevated in patients with VAP and the levels of IFN-γ were significantly low in patients with VAP. For all other cytokines, the difference in levels between the patients' groups was not significant.
Thus, in our present study, the levels of IL-8 and IFN-γ correlated significantly with the development of VAP and elevated IL-6 in BAL was associated with a poor outcome. Th-1 response was therefore significantly reduced in patients with VAP. A proinflammatory response in the form of elevated IL-6 and IL-8 correlated poorly with the clinical outcome.
A. baumannii predominated as the cause of VAP in our study. A high prevalence of multidrug resistance is seen at our center in all genera of Gram-negative bacteria. [13] Although not reported in the present study, we have observed that not all patients suffering from VAP with the same clone of A. baumannii have a fatal outcome. [14] Thus, there must be some host immune response-driven factors which propel a patient toward a poor outcome.
CBA-based tests are economical and time efficient, enabling the analysis of a wide range of cytokines. A disadvantage of such assays is that they give the overall picture of extracellular cytokines in a body fluid, without identifying the cellular source of those cytokines. Most studies on cytokine profiling of BAL have been done on chronic inflammatory conditions such as asthma and sarcoidosis. [15] [16] [17] To our knowledge, this is the first such study on ventilated trauma patients. Given that many such patients ultimately succumb to ARDS or systemic inflammatory response syndrome, immune monitoring or immunomodulating interventions need to be looked into by conducting larger studies. 
Conclusions
A proinflammatory response in the form of elevated IL-6 and IL-8 correlated poorly with the clinical outcome. Th-1 response was significantly reduced in patients with VAP. A proinflammatory response in the form of elevated IL-6 and IL-8 correlated poorly with the clinical outcome.
